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(71) We, Cootrol Data Corporation, 
of 3100-34th Avenue South, Minneapolis, 
Minnesota, United States of America, a 
corporation organised and existing under 

5 the laws of the State of Delaware, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 

10 larly described in and by the following 
statement : — 

This invention relates to an apparatus 
for testing electronic switching circuits or 
modules and, in particular, although not so 

15 restricted, to the automated maintenance 
checkout of large scale computers by selec- 
tively stressing the operating voltage mar- 
gins of the switching circuits which comprise 
the computer. These switching circuits are 

20 typically combined in predetermined groups 
and physically housed in logic circuit mod- 
ules. The modules are electrically inter- 
connected through connector pins and back- 
panel wiring. 

25 According to one aspect of the present 
invention, there is provided a computer- 
controlled apparatus for testing electronic 
switching circuits, having reference voltage 
sources to determine the voltage switching 

30 levels, comprising a plurality "of bi-direc- 
tional current switching means for con- 
nection to the reference voltage sources for 
increasing or decreasing the reference volt- 
age magnitudes; control means connected 

35 to the bi-directional current switching 
means, for controlling the direction of cur- 
rent flow; selection means for selectively 
activating any of the plurality of bi- 
directional current switching means and the 

40 control means; and data processing means 
for energising the selection means in re- 
sponse to computer program commands. 

According to a further aspect of the 
present invention there is provided an 

45 apparatus for testing any one of a plurality 
of logic circuit modules in v/hich each logic 
circuit module has a reference voltage sup- 



ply provided by tapping a voltage divider 
network, comprising, for each logic circuit 
module, current supply means for providing 50 
current to said voltage divider tap; and 
current drain means for drawing current 
from said voltage divider tap; and also 
comprising means for connecting each pair 
of current supply means and current drain 55 
means to their associate voltage divider tap; 
register means for storing a number repre- 
sentative of any of the plurality of logic 
circuit modules; and selection means for 
selectively activating the current supply or 60 
drain means connected to the logic circuit 
module corresponding to the number stored 
in the register means. 

The electronic switching circuits of the 
type which this invention is intended to co- 65 
operate with are described in our copending 
Application No. 54521/68 (Serial No. 
1,239,779). The circuits of the type des- 
cribed therein have the requirement that a 
predetermined reference voltage be supplied 70 
to set the voltage level about which the 
switching action takes place. The co- 
pending application describes a reference 
voltage level of —1.2 volts, and adopts a 
digital logic voltage convention whereby the 75 
voltage representation for a binary "0" and 
"1" are represented ±0.4 volts from this 
reference voltage value. The present inven- 
tion, however, finds utility in any computer 
application having the requirement of a 80 
reference voltage supply from which the 
logic voltage representations are determined 
and measured. 

The present invention may be used to 
test automatically digital computer circuits 85 
at high speed in order to minimise the time 
required for performance of the tests, and 
to test digital computer circuits while not 
interfering with the normal usage of the 
circuits in the performance of data pro- 90 
cessing functions, e.g. while the computer 
under test is executing an independent com- 
puter program. 

The invention is illustrated, merely by way 
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of example, in the accompanying drawings, 
in which: 

Figure la is a pictorial representation or 
a large scale digital computer; Figure lb is 
5 a pictorial representation of a chassis of the 
computer shown in Figure la and illustrates 
the arrangement of the individual logic 
circuit modules. 
Figure 2 is a diagrammatic representation 

10 of a typical computer current mode logic 
circuit together with a simplified reference 
voltase circuit. 

Figure 3 illustrates a block diagram of ap 
addressing scheme for selecting an indivi- 

15 dual logic circuit module. 

Figure 4 illustrates further details of the 
address selection scheme of Figure 3. 

Figure 5 illustrates the circuit for selecting 
the reference voltage margin. 

20 Figure 6 illustrates a reference voltage 
margin driver circuit. 

Figure 7 illustrates the circuits of Figures 
5 and 6 connected to the reference voltage 
circuit in a typical logic circuit module. 

25 The pictorial representation of a large 
scale digital computer illustrated in Figure 
la shows 14 adjacent chassis assemblies 
which comprise the computer. These chassis 
assemblies are typically interconnected by 

30 means of twisted-pair wires (not shown). 
Although the chassis assemblies have a 
similar "external appearance, their logic cir- 
cuit module and wiring combinations are 
unique and diverse to enable the perform- 

35 ance of a plurality of computer functions 
and to assure the cooperation of all of these 
functions to provide a useful data processing 
system. . 
Figure lb illustrates a typical chassis 100, 

40 expanded so as to more clearly show the 
individual logic circuit modules 101. The 
modules 101 are arranged in horizontal rows 
and vertical columns which can be numeric- 
ally identified and addressed by the inven- 

45 tion described herein. In the preferred em- 
bodiment of Figure Vb there are 16 logic 
modules 101 in each horizontal row and 16 
in each vertical column. This arrangement 
allows a convenient subdivision of the 

so chassis and circuit modules into 8 by 8 
quadrants and simplifies the addressing 
scheme which will be hereinafter described. 

Figure 2 illustrates two typical current 
mode logic circuits 201 and 202 within a 

55 losic circuit module 101. Circuit module 
101 preferably has dozens of current mode 
circuits housed within it, arranged on a 
plurality of printed circuit boards, and inter- 
connected to perform particular computer 

CO loeic functions. Each current mode logic 
circuit has a reference voltage input line 
such as reference voltage input line 203 for 
circuit 201. Reference voltage input 203 
holds transistor 205 nonconducting if either 

65 of the two transistors connected to inputs 



206 and 207 is conducting. When the signals 
at inputs 206 and 207 are such as to cause 
both connected transistors to become non- 
conducting the current through resistor 204 
drops, and the voltage at the emitter of 70 
transistor 205 becomes more negative. 
Transistor 205 becomes conducting when the 
emitter voltage drops below the reference 
voltage applied to input 203, thereby pro- 
ducing a voltage change at output terminal 75 
210. Output terminal 210 is connected to 
other current mode logic circuits to perform 
logic functions as required within the logic 
circuit module 101. It can be seen that the 
voltage magnitudes at logic voltage inputs 80 
206 and 207 that are required to cause 
transistor 205 to either conduct or non- 
conduct are primarily determined by the 
magnitude of the reference voltage applied 
to reference voltage input 203. If the volt- 85 
age at input 203 is shifted upward or down- 
ward the logic voltage requirements at in- 
puts 206 and 207 shift correspondingly. 
Therefore it can be appreciated that a shift- 
ing of the voltage magnitude at reference 90 
voltage input 203 can provide a means for 
stressing the circuit and detecting marginal 
components or logic voltage values. If, for 
example, the nominal reference voltage 
value at input 203 were —1.2 volts, and the 95 
nominal losic voltage values at inputs 206 
and 207 were -1.6 volts or -0.8 volts for 
a binary "1" or "0" respectively, the shift- 
ing of the reference voltage value at input 
203 by a few tenths of a volt provides a 100 
good test for the presence of marginal logic 
voltage values at inputs 206 or 207. If a 
marginal loeic voltage value were present at 
either inpuf 206 or 207 the current mode 
logic circuit would not operate properly at a 105 
stressed reference voltage value and the 
circuit's logic function would likewise not 
be performed properly. The improper per- 
formance of a logic function can be de- 
tected by the data processing system when 110 
the system is operated under the control of 
specialized maintenance programs designed 
for that purpose. 

The reference voltage value applied to 
input 203 in Figure 2 is determined by a 115 
resistor divider network comprised of re- 
sistors 212 and 213. These resistors are 
chosen to be of suitable value to provide a 
nominal —1.2 volts at resistor divider con- 
nection point 215. This voltage is applied 120 
to reference voltage input 203, as well as to 
other reference voltage inputs such as input 
208 on circuit 202. A given resistor divider 
network can provide a reference voltase 
supply for several current mode logic cir- 125 
cuits. However, because of the large num- 
ber of current mode logic circuits housed 
within a logic circuit module 101, a plur- 
ality of resistor divider networks are re- 
quired for each logic circuit module. These 130 
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resistor divider networks are typically ar- 
ranged so that all resistor divider networks 
within a logic circuit module have the refer- 
ence voltage connection points interconnec- 
5 ted as illustrated in Figure 2 by line 216. 
This interconnection insures that all refer- 
ence voltages supplied to circuits within a 
given module 101 are of equal value and 
can be varied by a single input to the 

10 module. 

Figure 2 also illustrates a simplified volt- 
age margin driver circuit 220. Circuit 220 
is connected to the resistor divider connec- 
tion point 215 on circuit module 101 by 

15 means of connection line 219. Since circuit 
220 is typically housed in a different circuit 
module than logic circuit module 10K the 
interconnection is made by means of back- 
panel wiring. The pin connectors for module 

20 101 and for the module which houses circuit 

220 are illustrated in Figure 2 as 217 and 

221 respectively. 

Circuit 220 is comprised of transistor 226 
and transistor 227 connected in series ar- 

25 rangement between a positive source of volt- 
age connected at 228 and a negative source 
of voltage connected at 235. The circuit is 
tapped at connection point 230, where a 
wire is connected to pin connector 221. 

30 When transistor input 232 is driven in a 
direction to cause transistor 226 to conduct, 
and transistor 227 is held in the non- 
conducting state, a current is caused to flow 
from the positive voltage supply connected 

35 to 228 through transistor 226 to line 219. 
This current flows into circuit module 101, 
where it passes through resistor 213 to the 
negative voltage supply source f— V). The 
voltage drop across resistor 213 is thus 

40 increased, thereby raising the reference volt- 
age value which is connected to reference 
voltage inputs 203, 208 and other similar 
reference voltage inputs. If transistor input 
234 on circuit 220 is driven in a direction 

45 to cause transistor 227 to conduct, and 
transistor 226 is held in the nonconducting 
state, a current is caused to flow from the 
positive voltage supply (+V) in circuit 
module 101, through resistor 212, line 219, 

50 and transistor 227 to the negative voltage 
source connected to 235 in circuit 220. This 
current causes the voltage drop across re- 
sistor 212 to increase, thereby creating a 
more negative reference voltage value at 

55 the reference voltage inputs. In this manner 
it can be seen that circuit 220 can be selec- 
tively controlled to provide an increase or a 
decrease in the reference voltage for all 
circuits housed within circuit module 101. 

60 A negative increment to the reference volt- 
age value is referred to as a "high" voltage 
margin and a positive increment to the ref- 
erence voltage value is referred to as a 
"low" voltage margin. It can also be seen 

65 that if both transistors 226 and 227 in circuit 



220 are held in the nonconducting state no 
current will flow through line 219 and no 
incremental reference voltage effect will be 
present at the reference voltage inputs within 
circuit module 101. 70 

The means for selectively driving circuit 
220 in response to digital computer com- 
mands will be more fully described herein- 
after. There is preferably one circuit 220 
of the type illustrated in simplified form in 75 
Figure 2 for each circuit module 101, with 
64 circuits 220 being housed together in a 
single special circuit module. This number 
of circuits is sufficient to provide an inde- 
pendent voltage margin connection to each 80 
of the 64 circuit modules in a chassis quad- 
rant. It follows that four of these special 
circuit modules provide sufficient voltage 
margin circuits for an entire chassis assem- 
bly 300. These special circuit modules will 85 
hereinafter be referred to as "BH" modules 
for convenience. Each of the chassis 
assemblies illustrated in Figure 1 therefore 
is subdivided into four quadrants each 
quadrant comprising 64 logic circuit mod- 90 
ules of the type illustrated as logic circuit 
module 101 and one BH module which itself 
comprises 64 bi-directional current switches 
or voltage margin driver circuits each being 
shown in simplified form at 220. 95 

Figure 3 illustrates a block diagram of a 
scheme for selecting voltage margin driver 
circuits associated with particular logic cir- 
cuit modules for the purposes of varying 
the reference voltages. Register 301 stores 100 
a 12 bit binary word which it receives, in 
the preferred embodiment, from a special 
maintenance data processor. For purposes 
of convenience the register stages in register 
301 are numbered from 0 to 11 in Figure 3. 105 
The storage elements comprising register 301 
are preferably electronic flip-flop circuits 
and are well known in the art. 

Stages 3 and 7—11 of register 301 are 
connected to the input of a chassis and 110 
quadrant decoder 303. Decoder 303 may be 
of any design commonly used in the com- 
puter art for the purpose of trans- 
lating an input binary number into 
a signal which activates one of a 115 
plurality of output lines. Decoder 303 
has six binary input lines and 64 output 
hnes which may be selectively enercized by 
the various binary input combinations. The 
output lines arc labeled X,„ X lt etc., and are 120 
each associated with a particular chassis 
quadrant as illustrated in Figure 3. 

Stages 0, 1, and 2 of register 301 are con- 
nected to column select lines 304, 305, and 
306 respectively. These column select lines 125 
are connected to all chassis assemblies- 
specifically, lines 304, 305. and 306 are con- 
nected to each of the BH modules located 
on the chassis assemblies. Stages 4, 5, and 6 
of register 301 are connected to row select 130 
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lines 308, 309, and 310 respectively. Lines 
308. 309, and 310 arc also connected to each 
BH module located on the chassis assemb- 
lies. Therefore, each BH module on the 
chassis assemblies is wired directly to six 
stages of register 301 and is receptive to the 
binary numbers stored by the stages. As 
will hereinafter be explained the BH module 
associated with a particular chassis quad- 
rant is wired to be responsive to the binary 
numbers received over lines 304 — 306 and 
308—310 to activate voltage margin driver 
circuits associated with circuit modules 
located at the row number and column, 
number specified by the bits stored in these 
register stages, 

Fisure 4 illustrates in block diagram form 
a typical BH module. A row decoder 401 
is connected via pin connectors to 
row select lines 303, 309 and 310. 
Column decoder 403 is connected via 
a pin connector to column select lines 
304. 305, and 306. Pvov/ decoder 401 
and column decoder 403 arc decoders com- 
monly used in the computer arts, and are 
designed to selectively activate one of their 
eicht output lines in response to the binary 
number representation present at their 
three input Jines. Row decoder 401 is con- 
nected via its output line 402 to voltage 
marain driver circuits 405 (voltage margin 
driver circuit 405 was represented in simpli- 
fied form in Figure 2 as circuit 220), 406, 
and six other voltage margin driver circuits 
(not shown) which are associated with circuit 
modules located in the same row. Column 
decoder output line 407 is connected to volt- 
age marsm driver circuit 405 and seven 
other vollage margin driver circuits located 
in the same column (not shown). Likewise, 
output line 408 is connected to eight voltage 
ma rein driver circuits in a common column, 
one "of which is driver circuit 406, and out- 
put line 414 is connected to eight voltage 
manzin driver circuits in a common column, 
one~of which is driver circuit 406. Thus it 
can be seen that each row decoder output 
line and each column decoder output line 
is connected to eight voltage margin driver 
circuits associated with logic circuit modules 
hi a common row or column, and the acti- 
vation of a single output line from each 
decoder will result in two signals being re- 
ceived by the voltage margin driver circuit 
that is connected to the activated row de- 
coder output line and the activated column 
decoder output line. No other voltage mar- 
gin driver circuit will receive two such 
signals, although some will receive a single 
signal from one decoder or the other. As 
will hereinafter be described, a voltage 
margin driver circuit requires both activa- 
tion^signals in order for it to be properly 
ener sized. 

Also illustrated in Figure 4 is a margin 



select circuit 417. This circuit is respon- 
sive to a chassis quadrant select signal which 
it receives via line 418 from one of the 
outputs of the chassis and quadrant decoder 
303, shown in Figure 3. Margin select 70 
circuit 417 is also responsive to an input 
which it receives over the high/low margin 
select line 419. Line 419 transfers a signal 
which originates in the maintenance data 
processor and indicates whether a high 75 
margin test or a low margin test is to be 
performed. The origination point of this 
sisnal is not shown, but would typically be 
stored in a register or flip-flop element simi- 
lar to register 301 in Figure 3. The signal 80 
delivered over line 419 is delivered simul- 
taneously to all BH modules. However, 
only the BH module having a margin select 
circuit 417 which receives a concurrent 
signal over the chassis quadrant select line 85 
418 will respond to the high/low margin 
selection. 

Circuit 417 has two output lines, each of 
which is connected to all of the voltage 
marcin driver circuits contained within the 90 
BH module, as illustrated in Figure 4. The 
high select lines 421 are activated when a 
hish margin test is indicated by the signal 
present on line 419, and the low select lines 
422 are activated when a low margin select 95 
signal is present on input line 419. 

^Figure 5 is a circuit schematic diagram 
of the margin select circuit 417 illustrated 
in Figure 4. Transistors 501, 502, and 503 
form~a conventional current mode logic 100 
circuit. Likewise, the transistors 511, 512, 
and 513 form a second conventional current 
mode logic circuit. The signals applied to 
transistors 503 and 513 are reference voltage 
signals, illustrated as V rrf in Figure 5. Tran- 105 
siscors 501 and 502 are connected in a logi- 
cal "AND" configuration, assuming that a 
logical "1" is represented by —1.6 volts 
and a logical "0" is represented by —0.8 
volts. Under this assumption, the parallel 110 
current paths formed by transistors 501 and 
502 will not be disconnected unless a logical 
"1" (—1.6 v) is applied to the input termi- 
nals of both transistors. When this condi- 
tion occurs, the voltage drop across resistor 115 
504 decreases to a value that is determined 
by the magnitude of the reference voltage 
V„ fl and transistor 503 begins conducting. 
This causes the voltage at output connection 
506 to drop, thereby decreasing conduction 120 
through transistor 505. When current de- 
creases through transistor 505 the voltage at 
connection point 507 becomes more nega- 
tive. This "negative voltage is coupled to 
"high" select line 421 via the current limit- 125 
ing resistor 508. 

In summary, the application of a logical 
"1" signal to both transistors 501 and 502 
results in a negative voltage being applied to 
"high 9 ' select line 421: anv other combina- 130 
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tion of logical signals applied to transistors 
501 and 502 will result in a voltage of ap- 
proximately ground potential (0 volts) being 
supplied to "high" select line 421. 
5 The operation of the circuit formed by 
transistors 511, 512 and 513 can be des- 
cribed in the same way as above with one 
exception. In this circuit output connec- 
tion point 516 is located in the circuit path 

10 containing the parallel transistors 511 and 
512. Therefore, when a logical "1" signal 
is applied to both transistors 511 and 512 
the voltage at output connection point 516 
will approach ground potential and will be 

15 coupled to the "low" select line 422 via 
current limiting resistor 518. Any other 
combination of logical input signals will 
yield a negative voltage at output connec- 
tion point 516 and also on the "low" select 

20 line 422. 

It should be noted that the references to 
voltages approaching ground potential above 
are inexact to the extent that there is always 
a small resistance drop present. For ex- 

25 ample, the voltage at connection point 507 
when transistor 505 is conducting has been 
measured at -0.8 volts, and the voltage at 
connection point 516 when transistors 511 



and 512 are not conducting has also been 
measured at —0.8 volts. ^ 30 

The input lines that control the operation 
of the margin select circuit illustrated in 
Figure 5 are the chassis quadrant select line 
418 and the high/low margin select lines 
4I9a and 419b. Lines 419a and 419b are 35 
typically a twisted pair combination and are 
always of opposite value in a logic voltage 
sense. Thus, when the signal on line 419a 
is representative of a logical "1", the signal 
on line 419b will be representative of a 40 
logical "0". The inverse can also occur 
but lines 419a and 419b can never simul- 
taneously have signals representative of the 
same logical values. The effect of this con- 
vention is to cause a negative voltage to be 45 
present on one of the select lines 421 or 
422 whenever a logical "1" signal appears 
on the chassis quadrant select line 418. The 
following chart illustrates the voltage values 
which appear on lines 421 and 422 for the 50 
four possible combinations of logic input sig- 
nals which can occur. This chart assumes 
a logical "1" as represented by approxi- 
mately -1.6 volts and a logical "0" is rep- 
resented by approximately —0.8 volts. 55 



Input Lines Output Lines 

418 419a 419b 421 (high) 422 (low 



60 



0 
0 
1 
1 



1 
0 
1 
0 



-0.8 volt 
-0.8 
-1.6 
-0.8 



-1.6 volt 
-1.6 
-1.6 
-0.8 



Figure 6 illustrates a voltage margin 
driver circuit of the type shown in block 
diagram form in Figure 4. Wherever pos- 

65 sible the reference characters used to explain 
the simplified voltage margin driver circuit 
in Figure 2 are also used to identify corres- 
ponding components of the circuit shown in 
Figure 6. Transistors 601, 602 and 603 

70 form a conventional current mode logic 
"AND" circuit, and will not be explained 
in detail here. If a row select signal is pre- 
sent on line 402, and a column select 
signal is present on line 407, transistors 

75 601 and 602 do not conduct and transistors 
603 and 604 will be caused to conduct 
current. Transistors 603 and 604 will tend 
to cause conduction in transistors 226 and 
227 respectively, but the signals on line 

80 421 and 422 from the manna select circuit 
(417 in Figure 4) will enable only one of 
these two transistors to conduct. If the 
"high" select line 421 is activated (see 



Figure 5) connection point 235 will be at 
approximately —1.6 volts and transistor 227 85 
will conduct. If the "low" select line 422 
is activated connection point 228 will be at 
approximately ground potential (—0.8 volts) 
and transistor 226 will conduct. In either 
case, the current conducted by one of these 90 
transistors will provide an incremental volt- 
age change to all voltage reference circuits 
connected to this circuit via pin connector 
221. 

Figure 7 illustrates the interconnection of 95 
the circuits of Figures 5 and 6 within a 
typical BH module 701, and the intercon- 
nection of module 701 with the reference 
voltage circuits of a typical logic circuit 
module 101. Chassis quadrant select line 100 
418. and high/low margin select lines 419a 
and 419b are shown as inputs to the margin 
select circuit. The outputs from this circuit 
"high" select line 421 and "low 1 ' select line 
422 are shown connected to one of the volt- 105 
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driver circuits at connection point between the first and second tran- 
. **«o »- t-.'HArc Kavincr its cprnnd end connecteu 



points 235 and 228 respectively. Inputs 
308, 309, and 310. to row decoder 401 are 
illustrated in Figure 7, as arc inputs 304, 
5 305 and 306 to column decoder 403. The 
output line from the voltage margin driver 
circuit connection point 230 to pin con- 
nector 221 is shown, together with the con- 
nections to typical reference voltage circuits 
10 contained within logic circuit module 101. 
This invention thus provides the circuits 
whereby a maintenance data processor can 
selectively adjust the voltage operating mar- 
gin in any of a plurality of logic modules for 
15 the purpose of stressing the operation of 
the circuits contained within these logic 
circuit modules. 



WHAT WE CLAIM IS: — 

1. A computer-controlled apparatus for 
testing electronic switching circuits having 
reference voltage sources to determine the 
voKase switching levels, comprising a plur- 
ality" of bi-directional current switching 
means for connection to the reference volt- 
ace sources for increasing or decreasing the 
reference voltage magnitudes; control means 
connected to the bi-directional current 
switching means, for controlling the direc- 
tion of current flow; selection means for 



sislors, and having its second end connected 
to at least one of the reference voltage 
sources; and transistor switching means 
connected to the first and second transistors, 
and responsive to the selection means to 
selectively cause conduction in the first and 
second transistors. 

5. Apparatus as claimed in any pre- 
ceding claim in which the data processing 
means comprise a stored program binary 
digital computer. 

6. Apparatus for testing any one iof a 
plurality of logic circuit modules in which 
each logic circuit module has a reference 
voltage supply provided by tapping a voit- 
ase divider network, comprising, for each 
logic circuit module, current supply means 
for providing current to said voltage divider 
tap; and current drain means for drawing 
current from said voltage divider tap; and 
also comprising means for connecting each 
pair of current supply means and current 
drain means to their associate voltage 
divider tap; register means for storing a 
number representative of any of the plur- 
ality of logic circuit modules; and selection 
means for selectively activating the current 
supply or drain means connected to the 
logic circuit module corresponding to the 
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of bi-directional current switching means 
and the control means; and data processing 
means for energizing the selection means in 
response to computer program commands. 
35 2. Apparatus as claimed in claim 1 in 
which the selection means further com- 
prises a first register means for storing 
numbers representative of the locations of 
the reference voltage sources; a first de- 
40 coding means connected to the first register 
means for converting the stored numbers 
into a plurality of activating signals; and 
connection means for connecting the plur- 
ality of activating signals to the bi-direc- 
45 tional current switching means. 

3. Apparatus as claimed in claim 2 in 
which the control means further comprises: 
second register means for storing numbers 
representative of the direction of current 

50 flow in the bi-directional current switching 
means; and second decoding means con- 
nected to the second register means for con- 
verting the stored numbers into direc- 
tional activating signals for controlling the 

55 direction of current flow in the bi-direc- 
tional current switching means. 

4. Apparatus as claimed in any preced- 
ing cJaim in which each bi-directional cur- 
rent switching means comprises; first and 

50 second transistors connected in a series 
conducting relationship between a source 
of positive voltage and a source of nega- 
* tivc voltage; conducting means haying its 
first end connected to a common junction 



7. Apparatus as claimed in claim 6, 
further comprising data processing means 
for transferring numbers in the register 
means and energising the selection means. 

8. Apparatus as claimed in claim 6 or 100 
claim 7 in which said means comprises 
transistor switching circuits for coupling a 
first voltage source to the current supply 
means and a second voltage source to the 
current drain means. m ™5 

9. Apparatus as claimed in any of claims 
6 to 8 in which said second selection means 
comprises logic translator means for gener- 
ating activating signals in response to the 
numbers stored in the register means and 110 
connection means for coupling the activat- 
ing signals to the current supply means and 
current drain means. 

10. A computer provided with an ap- 
paratus as claimed in any of claims 6 to 9. 115 

11. A computer-controlled apparatus for 
testing electronic switching circuits having 
reference voltage sources to determine the 
voltage switching levels, substantially as 
herein described with reference to and as 120 
shown in the accompanying drawings. 

12. Apparatus for testing any of a plur- 
ality of logic circuit modules substantially 
as herein described with reference to and 

as shown in the accompanying drawings. 125 
J. MILLER & CO., 
Agents for the Applicants, 
Chartered Patent Agents, 
262 High Holborn, London, W.C.I. 
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